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1
MULTIPLE LAYER SUBSTRATE

TECHNICAL FIELD

The present disclosure relates generally to an integrated
circuit and more particularly to a multiple layer substrate.

BACKGROUND

Some integrated circuit devices that conduct with two car-
riers, such as Lateral Insulated Gate Bipolar Transistors (LIG-
BTs), have a relatively long turn-off time. Two carrier devices
have the recombination of minority carriers when the devices
are turning off. A longer turn-off time will limit the applica-
tion of these devices and the power consumption will also be
affected due to the long turn-off time.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference is now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

FIGS. 1-2 are intermediate fabrication steps of an exem-
plary multiple layer substrate for an integrated circuit accord-
ing to some embodiments; and

FIGS. 3-4 are exemplary intermediate steps of integrated
circuit fabrication over the epitaxial layer 108 and device
wafer 106 according to some embodiments.

DETAILED DESCRIPTION

The making and using of various embodiments are dis-
cussed in detail below. It should be appreciated, however, that
the present disclosure provides many applicable inventive
concepts that can be embodied in a wide variety of specific
contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use, and do not limit
the scope of the disclosure.

In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This repeti-
tion is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments
and/or configurations discussed. Moreover, the formation of a
feature on, connected to, and/or coupled to another feature in
the present disclosure that follows may include embodiments
in which the features are formed in direct contact, and may
also include embodiments in which additional features may
be formed interposing the features, such that the features may
not be in direct contact. In addition, spatially relative terms,
for example, “lower,” “upper,” “horizontal,” “vertical,”
“above,” “over,” “below,” “beneath,” “up,” “down,” “top,”
“bottom,” etc. as well as derivatives thereof (e.g., “horizon-
tally,” “downwardly,” “upwardly,” etc.) are used for ease of
the present disclosure of one features relationship to another
feature. The spatially relative terms are intended to cover
different orientations of the device including the features.

FIGS. 1-2 are intermediate fabrication steps of an exem-
plary multiple layer substrate for an integrated circuit accord-
ing to some embodiments. In FIG. 1, a handle wafer 102, a
buried oxide (BOX) layer 104 for a silicon-on-insulator (SOI)
substrate, and a device wafer 106 are shown. The handle
wafer 102 provides support and mechanical strength for the
integrated circuit fabrication. The handle wafer 102 com-
prises silicon or any other suitable material and has a thick-
ness of 600 pm-700 pm in some embodiments. Even though
the SOI substrate is shown in FIG. 1, a substrate without the
SOI structure may be used in some embodiments.
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The BOX layer 104 is an electrically insulating layer and
comprises silicon dioxide (Si0O,) with a thickness of 1 pm-4
um in some embodiments. The thickness of the BOX layer
104 depends on a break down voltage of devices to be fabri-
cated over the device wafer 106 in some applications. The
device wafer 106 comprises silicon or any other suitable
material and has a thickness of 8 um-25 um in some embodi-
ments. The device wafer 106 has a raw carrier concentration
ranging from 1E14 cm™ to 4E14 cm™ in some embodiments.

In FIG. 2, an epitaxial layer 108 is formed over the device
watfer 106 by chemical vapor deposition (CVD), for example.
The epitaxial layer 108 can comprise one epitaxial layer or
multiple epitaxial layers with different carrier concentrations.
For example, three epitaxial layers 108a, 1085, and 108¢ are
shown in FIG. 2. With multiple epitaxial layers such as 1084,
1084, and 108¢, device performance (i.e., turn-off time) can
be further improved compared to a single epitaxial layer in
some embodiments.

The carrier concentration of the epitaxial layer 108 is
higher than the raw carrier concentration of the device wafer
106. The carrier concentration of the epitaxial layer 108
ranges from 1.25 to 2.25 times the raw carrier concentration
(Craw) in some embodiments. For example, the carrier con-
centration of the epitaxial layer 1084 can be 2.25 times Craw,
that of 1085 can be 1.75 times Craw, and that of 108¢ can be
1.25 times Craw.

The higher carrier concentration of the epitaxial layer 108
lowers resistance of the epitaxial layer 108. This improves the
recombination efficiency, helps to redistribute electric field,
and reduces device turn-off time without device breakdown
voltage drop. However, if the carrier concentration of the
epitaxial layer 108 is too high, the device breakdown voltage
may decrease.

In some embodiments, the second epitaxial layer 1085 has
a carrier concentration lower than the carrier concentration of
the first epitaxial layer 108a. The epitaxial layer 108 com-
prises silicon and dopants in some embodiments. For an
N-type epitaxial layer, the dopants comprise phosphorous, for
example. For a P-type epitaxial layer, the dopants comprise
boron, for example.

The epitaxial layer 108 can be formed by any methods or
processes known in the art. For example, the epitaxial layer
108 can be grown by means of chemical vapor deposition
(CVD), i.e. by chemical reaction in the gas-phase product to
be epitaxially deposited over the device wafer 106 at tempera-
tures above 1000° C. in some embodiments. In other exem-
plary embodiments, physical deposition process (i.e., evapo-
ration) is carried out in ultra-high vacuum (below 10~* torr)
and at substrate temperature not exceeding 800° C.

The total thickness of the device wafer 106 and the epi-
taxial layer 108 ranges from 8 um to 25 um in some embodi-
ments. In some embodiments, the total thickness is main-
tained similar to a device wafer thickness that does not have
the epitaxial layer 108. The three epitaxial layers 108a, 1085,
and 108¢ can have different thickness or the same thickness in
various embodiments. In one example, the device wafer has
an 8 um thickness, each of the epitaxial layers 108a, 1085,
and 108c¢ has a 2.5 um thickness for the total thickness 0f 15.5
pm.

In some embodiments, the carrier concentration of mul-
tiple epitaxial layers such as 108a, 1085, and 108¢ are
expressed as the following:
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co=ci-E D ¢
Y = 1—m(1— N s

Equation (1)

where the carrier concentration of each epitaxial layer is Cx,
C1 is the carrier concentration of the first epitaxial layer such
as 108a, C,; is the carrier concentration of the top epitaxial
layer such as 108¢, N is the number of all the epitaxial layers,
X is the number of each epitaxial layer increasing by 1 for
each epitaxial layer above, and C1 is higher than C,,. In some
other embodiments, the carrier concentration of multiple epi-
taxial layers such as 108a, 1085, and 108¢ can be designed
differently depending on the applications.

FIGS. 3-4 are exemplary intermediate steps of integrated
circuit fabrication over the epitaxial layer 108 and device
watfer 106 according to some embodiments. Any methods and
processes known in the art can be used to fabricate any desired
devices and components over the epitaxial layer 108 and
device watfer 106. For example, in FIG. 3, P-wells 110 and
114, and N-well 112 are formed by doping suitable material
such as phosphorous for N-type dopants, and boron for P-type
dopants.

In FIG. 4, further integrated circuit fabrication steps are
performed to form various parts, such as field oxide (FOX)
116, N-type lightly doped drain (NLDD) 118, polysilicon
122, spacer 120, P+ region 124 and 128, and N+ region 126,
by any known methods in the art. Even though some exem-
plary parts are shown in FIG. 4, it is noted that any integrated
circuit fabrication process steps can be performed over the
substrate comprising the epitaxial layer 108 and the device
wafer 106.

According to some embodiments, a substrate for an inte-
grated circuit includes a device wafer having a raw carrier
concentration and an epitaxial layer disposed over the device
wafer. The epitaxial layer has a first carrier concentration. The
first carrier concentration is higher than the raw carrier con-
centration.

According to some embodiments, a method of fabricating
a substrate for an integrated circuit includes providing a
device wafer. An epitaxial layer is formed over a device wafer.
The device wafer has a raw carrier concentration. The epi-
taxial layer has a first carrier concentration. The first carrier
concentration is higher than the raw carrier concentration.

A skilled person in the art will appreciate that there can be
many embodiment variations of this disclosure. Although the
embodiments and their features have been described in detail,
it should be understood that various changes, substitutions
and alterations can be made herein without departing from the
spirit and scope of the embodiments. Moreover, the scope of
the present application is not intended to be limited to the
particular embodiments of the process, machine, manufac-
ture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosed embodiments,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure.

The above method embodiment shows exemplary steps,
but they are not necessarily required to be performed in the
order shown. Steps may be added, replaced, changed order,
and/or eliminated as appropriate, in accordance with the spirit
and scope of embodiment of the disclosure. Embodiments
that combine different claims and/or different embodiments
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are within the scope of the disclosure and will be apparent to
those skilled in the art after reviewing this disclosure.

What is claimed is:

1. A substrate for an integrated circuit, comprising:

a device wafer having a raw carrier concentration;

a first epitaxial layer disposed over the device wafer, the
first epitaxial layer having a first carrier concentration,

wherein the first carrier concentration is higher than the
raw carrier concentration; and

additional epitaxial layers disposed over the first epitaxial
layer, each of the additional epitaxial layers having a
carrier concentration C_, wherein

X-D

Co=C -
x 1 (N—l)

(C1 = Cp),

C, is the first carrier concentration, C,,is a carrier concentra-
tion of a top epitaxial layer, N is a number of the epitaxial
layers including the first epitaxial layer and the additional
epitaxial layers, X is a number of each epitaxial layer starting
with 2 for the additional epitaxial layer directly above the first
epitaxial layer and increasing by 1 for each additional epi-
taxial layer above, and C, is higher than C,.

2. The substrate of claim 1, wherein the first carrier con-
centration ranges from 1.25 to 2.25 times the raw carrier
concentration.

3. The substrate of claim 1, wherein the device wafer com-
prises silicon.

4. The substrate of claim 1, wherein the first epitaxial layer
comprises silicon and dopants.

5. The substrate of claim 4, wherein the dopants comprise
phosphorous.

6. The substrate of claim 4, wherein the dopants comprise
boron.

7. The substrate of claim 1, wherein the additional epitaxial
layers comprise silicon with dopants.

8. The substrate of claim 1, wherein each of the additional
epitaxial layers has a same thickness.

9. An integrated circuit having a substrate, the substrate
comprising:

a device wafer having a raw carrier concentration and

comprising silicon; and
a first epitaxial layer disposed over the device wafer, the
first epitaxial layer having a first carrier concentration,

wherein the first carrier concentration ranges from 1.25 to
2.25 times the raw carrier concentration and the first
epitaxial layer comprises silicon and dopants.

10. The integrated circuit of claim 9, wherein the substrate
further comprises a second epitaxial layer having a second
carrier concentration, wherein the second epitaxial layer is
disposed over the first epitaxial layer and the second carrier
concentration is lower than the first carrier concentration.

11. The integrated circuit of claim 9, further comprising a
doped well region in the first epitaxial layer.

12. The integrated circuit of claim 9, wherein the first
epitaxial layer comprises silicon and dopants.

13. The integrated circuit of claim 9, further comprising a
handle wafer and a buried oxide layer intermediate the device
wafer and the handle wafer.

14. The integrated circuit of claim 9, further comprising
additional epitaxial layers disposed over the first epitaxial
layer, each of the additional epitaxial layers having a carrier
concentration C,, wherein
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X-D
-1

C=C - (C1 = Cp),

C, is the first carrier concentration, C,,is a carrier concentra-
tion of a top epitaxial layer, N is a number of the epitaxial
layers including the first epitaxial layer and the additional
epitaxial layers, X is a number of each epitaxial layer starting
with 2 for the additional epitaxial layer directly above the first
epitaxial layer and increasing by 1 for each additional epi-
taxial layer above, and C, is higher than C,.
15. The integrated circuit of claim 9, further comprising:
a second epitaxial layer disposed over the first epitaxial
layer, the second epitaxial layer having a second carrier
concentration; and
a third epitaxial layer disposed over the second epitaxial
layer, the third epitaxial layer having a third carrier con-
centration,
wherein the first carrier concentration is 2.25 times the raw
carrier concentration, the second carrier concentration is
1.75 times the raw carrier concentration, and the third
carrier concentration is 1.25 times the raw carrier con-
centration.
16. A device comprising:
a semiconductor wafer having a raw carrier concentration;
and
an epitaxial layer on the semiconductor wafer and having a
first carrier concentration greater than the raw carrier
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concentration of the semiconductor wafer, wherein the
first carrier concentration of the epitaxial layer is from
about 1.25 times to about 2.25 times the raw carrier
concentration.

17. The device of claim 16, further comprising a doped
well region in the epitaxial layer.

18. The device of claim 16, wherein the epitaxial layer
includes a plurality of epitaxial layers.

19. The device of claim 16, further comprising a handle
wafer and a buried oxide layer intermediate the semiconduc-
tor wafer and the handle wafer.

20. The device of claim 16, further comprising additional
epitaxial layers disposed over the epitaxial layer, each of the
additional epitaxial layers having a carrier concentration C,,
wherein

X-D

Co=C -
x 1 (N—l)

(C1 = Cp),

C, is the first carrier concentration, C,,is a carrier concentra-
tion of a top epitaxial layer, N is a number of the epitaxial
layers including the epitaxial layer and the additional epi-
taxial layers, X is a number of each epitaxial layer starting
with 2 for the additional epitaxial layer directly above the
epitaxial layer and increasing by 1 for each additional epi-
taxial layer above, and C, is higher than C,.
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